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Abstract 
7KH K\EULGPDJQHWLF EHDULQJ XVLQJ SHUPDQHQW PDJQHWV DQG WKH KLJK WHPSHUDWXUH VXSHUFRQGXFWRU +76& KDV EHHQ GHYHORSHG
5HSXOVLYHIRUFHRI WKHSHUPDQHQWPDJQHW LV LQWURGXFHG WR LQFUHDVH WKH ORDGZHLJKWRI WKHPDJQHWLFEHDULQJ(IIHFWRI WKHK\EULG
V\VWHPKDVEHHQVKRZQ$OWKRXJKWKHSUHYLRXVFRQILJXUDWLRQLPSURYHVWKHORDGZHLJKWRIWKHURWRUOHYLWDWLRQDQGJXLGDQFHVWDELOLW\
KDVEHHQGHFUHDVHGEHFDXVHRI WKHUHSXOVLYHIRUFHRI WKHSHUPDQHQWPDJQHW7KUHHGLPHQVLRQDOQXPHULFDODQDO\VLVRI WKHV\VWHP
KDVEHHQXQGHUWDNHQWRUHGXFHODWHUDOIRUFHZKLFKGHFUHDVHVODWHUDOVWDELOLW\RIWKHURWRU)URPWKHUHVXOWVHIIHFWLYHDUUDQJHPHQWRI
WKHK\EULGV\VWHPLVJLYHQ,QFUHPHQWRIWKHORDGZHLJKWLVFRQILUPHG,QIOXHQFHRIWKHK\EULGV\VWHPRQWKHSLQQLQJIRUFHEHWZHHQ
WKH+76&DQGWKHSHUPDQHQWPDJQHWLVVKRZQWREHVPDOOHUWKDQSUHYLRXVRQH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,663URJUDP&RPPLWWHH

Keyword:3HUPDQHQWPDJQHWK\EULGV\VWHPSLQQLQJIRUFHK\EULGHWKUHHGLPHQVLRQDOQXPHULFDODQDO\VLV
1. Introduction 
3LQQLQJ HIIHFW RI WKH KLJK WHPSHUDWXUH VXSHUFRQGXFWRU +76& >@ LV LQWURGXFHG WR UHDOL]H PDJQHWLF OHYLWDWLRQ
ZLWKRXWJDSFRQWURO$SSOLFDWLRQVIRUWKHFRQWDFWOHVVPDJQHWLFEHDULQJV\VWHP>@KDYHEHHQGHYHORSHG$OWKRXJKWKH
+76&UHDOL]HVPDQ\DSSOLFDWLRQVZLWKRXWJDSFRQWURO>@WKHOHYLWDWLRQIRUFHLVOLPLWHGE\SLQQLQJFKDUDFWHULVWLFVRI
WKH VXSHUFRQGXFWRU 7R LQFUHDVH WKH OHYLWDWLRQ IRUFH WKH K\EULG V\VWHP >@ LV LQWURGXFHG ,Q WKH K\EULG V\VWHP
SHUPDQHQWPDJQHWDQG+76&LVVHWLQWKHVWDWRU5HSXOVLYHIRUFHRIWKHSHUPDQHQWPDJQHWVLVXVHGIRUOHYLWDWLRQ7KXV
WKH OHYLWDWLRQ IRUFH LV LQFUHDVHG >@7KHUHIRUH VWDELOLW\ IRU WKH ODWHUDOGLUHFWLRQEHFRPHV VPDOO7KH VWUXFWXUHRI WKH
QHZ K\EULG V\VWHP LV FRQVLGHUHG 2QH SHUPDQHQW PDJQHW LV LQVWDOOHG LQ WKH URWRU $QRWKHU ULQJ VKDSH SHUPDQHQW
PDJQHWLVLQWURGXFHGLQWKHVWDWRU7KH+76&LVLQVWDOOHGLQWKHULQJVKDSHSHUPDQHQWPDJQHW,QIOXHQFHRIWKHK\EULG
V\VWHPRQWKHSLQQLQJIRUFHEHWZHHQWKH+76&DQGWKHSHUPDQHQWPDJQHWLVVKRZQWREHVPDOO
,QWKLVSDSHUWKUHHGLPHQVLRQDOQXPHULFDODQDO\VLVRIWKHV\VWHPKDVEHHQXQGHUWDNHQ(IIHFWLYHDUUDQJHPHQWRIWKH
K\EULGV\VWHPLVJLYHQ7KHQWKHH[SHULPHQWDOGHYLFHIRUWKHQHZFRQILJXUDWLRQKDVEHHQPDGH/RDGZHLJKWLVDGGHG
WRDURWRUDQGWKDWGLVSODFHPHQWLVPHDVXUHG/HYLWDWLRQFKDUDFWHULVWLFVRIWKHK\EULGV\VWHPLVFRPSDUHGZLWKWKDWRI
QRQK\EULGRQH
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2. Experience device 
)LJVKRZVDVLGHYLHZRIWKHH[SHULPHQWDOGHYLFH)LJVKRZVWKHDUUDQJHPHQWRIWKH+76&DQGWKHSHUPDQHQW
PDJQHWV 7KUHHGLPHQVLRQDO DQDO\VLV LV H[DPLQHG WR GHVLJQ WKH VWUXFWXUH RI WKH K\EULG V\VWHP )OX[ GHQVLW\
GLVWULEXWLRQ DQG UHSXOVLYH IRUFH RI EHWZHHQ SHUPDQHQW PDJQHW DUH FDOFXODWHG E\ WKH ILQLWH HOHPHQW PHWKRG 7KH
SHUPDQHQWPDJQHWZKLFK LV LQVWDOOHG LQ WKH URWRU WKH XSSHU SHUPDQHQWPDJQHW KDV WZR SROHV VR WKDW OLQNDJH IOX[
SLQQHGLQWKH+76&EHFRPHVODUJH7KHULQJVKDSHGSHUPDQHQWPDJQHWZKLFKLVLQVWDOOHGLQWKHVWDWRU7KH+76&LV
SXW LQVLGH WKH ULQJ VKDSH SHUPDQHQW PDJQHW 7KH DLU JDS EHWZHHQ WKH XSSHU SHUPDQHQW PDJQHW DQG WKH +76& LV
GHILQHGDVSLQQLQJJDS g7KHJDSEHWZHHQXSSHUSHUPDQHQWDQGWKHORZHUSHUPDQHQWPDJQHWLVGHILQHGDVJDSg¶7KH
URWRUZLWKWKHXSSHUSHUPDQHQWPDJQHWLVVHWWRNHHSWKHLQLWLDODLUJDS7KHDOXPLQXPVWDJHLQWKHFRQWDLQHULVILOOHG
ZLWK OLTXLG QLWURJHQ 7KH+76& LV FRROHG E\ OLTXLG QLWURJHQ IRU DERXW WHQ PLQXWHV ILHOG FRROLQJ )OX[ IURP WKH
SHUPDQHQWPDJQHWRIWKHURWRULVSLQQHGE\WKH+76&LQWKHDOXPLQXPVWDJH7KHORDGFHOOLVVHWRQWKHD[LVRIDURWRU
([WHUQDO IRUFH LV DSSOLHG WR WKH ORDG FHOO DW z D[LV GLUHFWLRQ7KH ODVHU GLVSODFHPHQW VHQVRUV DUH VHW WRPHDVXUH WKH
SRVLWLRQRIWKHURWRU7DEOHVKRZVWKHVSHFLILFDWLRQVIRUWKH+76&7KH5(%D&X2EXONVXSHUFRQGXFWRULVXVHG
7DEOH6SHFLILFDWLRQVIRUWKH+76&
0DWHULDO
&ULWLFDOWHPSHUDWXUH
'LPHQVLRQPP
5(%D&X2
.
ĭ;

)LJ6LGHYLHZRIWKHH[SHULPHQWDOGHYLFH)LJ$UUDQJHPHQWRIWKH+76&DQGWKHSHUPDQHQWPDJQHWV
3. Result 
7KH OHYLWDWLRQ VWDELOLW\ RI WKH QRQK\EULG OHYLWDWHG RQO\ E\ WKH SLQQLQJ IRUFH RI WKH +76& V\VWHP LV VKRZQ
([WHUQDO IRUFH LV DSSOLHG RQ WKH URWRU5HODWLRQVKLS EHWZHHQ WKH H[WHUQDO IRUFH DQG YHUWLFDO SRVLWLRQ RI WKH URWRU LV
PHDVXUHG)URPWKHUHVXOWVWKHDSSURSULDWHYDOXHRIWKHUHSXOVLYHIRUFHEHWZHHQSHUPDQHQWPDJQHWVLVGHFLGHG)LJ
VKRZVWKHOHYLWDWLRQFKDUDFWHULVWLFVRIDQRQK\EULGV\VWHPDWLQLWLDODLUJDSg DQG>PP@7KHUHSXOVLYHIRUFH
DWDVPDOOHUJDSEHFRPHVODUJH2QWKHRWKHUKDQGSLQQLQJIRUFHDWDODUJHUJDSEHFRPHVVPDOO7KXVJ >PP@LV
XVHG $QG WKH WDUJHW UHSXOVLYH IRUFH LV GHILQHG DV  >1@ 7KHVH FRQGLWLRQV DUH XVHG IRU WKH IROORZLQJ WKUHH
GLPHQVLRQDODQDO\VLV

)LJ/HYLWDWLRQIRUFHFKDUDFWHULVWLFVQRQK\EULGRQH
7DEOHVKRZVWKHVSHFLILFDWLRQRIWKHSHUPDQHQWPDJQHWRIWKHURWRUDQGWKDWRIWKHVWDWRU)LJVKRZVWKHIOX[
GHQVLW\GLVWULEXWLRQ LQ WKHK\EULG V\VWHP7KH UHSXOVLYH IRUFHEHFRPHV >1@ ,WEHFRPHV ODUJHU WKDQ WKH WDUJHW
YDOXH>1@$VWKHSLQQLQJIRUFHLVPXFKVPDOOHU WKDQ WKHUHSXOVLYHIRUFHVWDEOHOHYLWDWLRQLVQRWUHDOL]HG)URP
+76& 6WDWRUVLGHSHUPDQHQWPDJQHW
5RWRUVLGHSHUPDQHQWPDJQHW
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)LJWKHIOX[RIWKHSHUPDQHQWPDJQHWRIWKHVWDWRULQWHUIHUHVWKDWRIWKHURWRU$VDUHVXOWWKHIOX[RIWKHSHUPDQHQW  
PDJQHW SXWV LQWR WKH+76& WKDW LV XVHG IRU WKH IOX[ SLQQLQJ EHFRPHV VPDOO ,Q RUGHU WR VROYH WKHVH SUREOHPV WKH
KHLJKWRISHUPDQHQWPDJQHWRIWKHVWDWRULVUHGXFHG7KHSHUPDQHQWPDJQHWRIWKHURWRULVQRWFKDQJHG7KHKHLJKWRI
WKHSHUPDQHQWPDJQHWLVFKDQJHGWR>PP@ZKLFKLVRIWKHLQLWLDOKHLJKW7DEOHVKRZVWKHVSHFLILFDWLRQRIWKH
SHUPDQHQWPDJQHW KHLJKW  >PP@ )LJ  VKRZV WKH IOX[ GHQVLW\ GLVWULEXWLRQ XVLQJ WKLV SHUPDQHQWPDJQHW RI WKH
VWDWRU5HSXOVLYHIRUFHEHWZHHQWKHPDJQHWVDWWKHWLPHRIWKHKHLJKW>PP@EHFDPHVPDOOHUWKDQWKHWDUJHWYDOXHE\
>1@)OX[GHQVLW\GHFUHDVHVEHFDXVHWKHYROXPHRIWKHSHUPDQHQWPDJQHWRIWKHVWDWRULVUHGXFHG7KHGLVWDQFH
EHWZHHQSHUPDQHQWPDJQHWVLVDOVRLQFUHDVHG5HSXOVLYHIRUFHGHFUHDVHVE\WKLVFRQILJXUDWLRQ)URP)LJLQIOXHQFH
RIWKHSHUPDQHQWPDJQHWRIWKHVWDWRURQWKHIOX[RIWKHURWRUVLGHEHFRPHVVPDOO%XWWKHUHLVVWLOOVRPHLQIOXHQFHRI
WKHSHUPDQHQWPDJQHWRIWKHVWDWRURQWKHIOX[SLQQHGE\WKH+76&,QRUGHUWRLPSURYHWKLVIOX[GHQVLW\GLVWULEXWLRQ
WKHLQQHUGLDPHWHURIWKHSHUPDQHQWPDJQHWRIWKHVWDWRULVFKDQJHG7DEOHVKRZVWKHVSHFLILFDWLRQRIWKHPDJQHW
)LJ VKRZV WKH IOX[GHQVLW\GLVWULEXWLRQ5HSXOVLYH IRUFHEHWZHHQPDJQHWV LV FDOFXODWHGDQG LWEHFRPHV >1@
)OX[ GHQVLW\ GHFUHDVHV EHFDXVH WKH LQQHU GLDPHWHU RI WKH SHUPDQHQWPDJQHW RI WKH VWDWRU EHFRPHV ODUJH DQG WKHQ
YROXPHRIWKHSHUPDQHQWPDJQHWGHFUHDVHV5HSXOVLYHIRUFHGHFUHDVHVDQGEHFDPHVPDOOHUWKDQWKHWDUJHWYDOXH7KXV
WKHURWRUVKRZVVWDEOHOHYLWDWLRQ)URP)LJIOX[RIWKHSHUPDQHQWPDJQHWRIWKHVWDWRUGRHVQRWLQWHUIHUHWRWKHIOX[
RIWKHURWRUWKDWIORZVLQWRWKH+76&7KHSHUPDQHQWPDJQHWKDVEHHQPDQXIDFWXUHGE\WKHVSHFLILFDWLRQRI7DEOH
7DEOH6SHFLILFDWLRQRIWKHSHUPDQHQWPDJQHW
 5RWDWLRQVLGHSHUPDQHQWPDJQHW 6WDWRUVLGHSHUPDQHQWPDJQHW
0DWHULDO
'LPHQVLRQPP
3ROH
,QQHUGLDPHWHUPP
1G)H%
ĭ;
FLUFOHULQJ

1G)H%
ĭ;
ULQJ
ĭ
7DEOH6SHFLILFDWLRQRIWKHSHUPDQHQWPDJQHWKHLJKWLVUHGXFHWR>PP@
 5RWDWLRQVLGHSHUPDQHQWPDJQHW 6WDWRUVLGHSHUPDQHQWPDJQHW
0DWHULDO
'LPHQVLRQPP
3ROH
,QQHUGLDPHWHUPP
1G)H%
ĭ;
FLUFOHULQJ

1G)H%
ĭ;
ULQJ
ĭ
7DEOH6SHFLILFDWLRQRIWKHSHUPDQHQWPDJQHWLQQHUGLDPHWHULVFKDQJHG
 5RWDWLRQVLGHSHUPDQHQWPDJQHW 6WDWRUVLGHSHUPDQHQWPDJQHW
0DWHULDO
'LPHQVLRQPP
3ROH
,QQHUGLDPHWHUPP
1G)H%
ĭ;
FLUFOHULQJ

1G)H%
ĭ;
ULQJ
ĭ


)LJ)OX[GHQVLW\GLVWULEXWLRQRIWKHSHUPDQHQWPDJQHW   )LJ)OX[GHQVLW\GLVWULEXWLRQKHLJKW>PP@


)LJ)OX[GHQVLW\GLVWULEXWLRQLQQHUGLDPHWHULPSURYHG
1RGH
(OHPHQW
Flux density
1.00000e+000
5RWRUVLGHSHUPDQHQWPDJQHW
6WDWRUVLGHSHUPDQHQWPDJQHW
+76&
1RGH
(OHPHQW
Flux density
1.00000e+000
5RWRUVLGHSHUPDQHQWPDJQHW
+76&
6WDWRUVLGHSHUPDQHQWPDJQHW
1RGH
(OHPHQW
Flux density
1.00000e+000
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+76&
6WDWRUVLGHSHUPDQHQWPDJQHW
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7KHH[SHULPHQWDOUHVXOWVRIWKHOHYLWDWLRQFKDUDFWHULVWLFVDUHVKRZQ7KHH[WHUQDOIRUFHLVDSSOLHGRQWKHURWRU7KH
URWRULVSXVKHGWRGRZQZDUGGLUHFWLRQIRUWKH+76&5HODWLRQVKLSEHWZHHQWKHIRUFHDQGYHUWLFDOGLVSODFHPHQWRIWKH
URWRULVPHDVXUHG)LJVKRZVWKHORDGZHLJKWFKDUDFWHULVWLFRIWKHQRQK\EULGV\VWHPDQG)LJVKRZVWKDWRIWKH
K\EULG V\VWHP7KH OHYLWDWLRQ IRUFHRI WKHQRQK\EULG V\VWHP LV JHQHUDWHGRQO\E\ WKHSLQQLQJ IRUFHRI+76&7KH
OHYLWDWLRQIRUFHRIWKHK\EULGV\VWHPFRQVLVWVRIWKHSLQQLQJIRUFHDQGWKHUHSXOVLYHIRUFHRIWKHSHUPDQHQWPDJQHWV
)URP)LJDQGWKHOHYLWDWLRQIRUFHEHFRPHVODUJHUDWVPDOOHULQLWLDODLUJDSg$Wg DQG>PP@WKHOHYLWDWLRQ
IRUFHRIWKHK\EULGV\VWHPEHFRPHVODUJHUWKDQWKDWRIWKHQRQK\EULGRQH%XWHIIHFWRIWKHK\EULGV\VWHPLVQRWVR
ODUJH ,Q WKLV LQLWLDODLUJDS WKHGLVWDQFHEHWZHHQ WKHSHUPDQHQWPDJQHWRI WKHURWRUDQG WKH+76&LVVPDOO6R WKH
SLQQLQJIRUFHLVUHODWLYHO\ODUJH$Wg >PP@OHYLWDWLRQIRUFHRIWKHK\EULGV\VWHPEHFRPHVODUJHUWKDQWKDWRIWKH
QRQK\EULGRQH DQG LQFUHPHQW RI WKH OHYLWDWLRQ IRUFH LV ODUJHU WKDQ VPDOOHU LQLWLDO DLU JDSg7KHGLVWDQFHEHWZHHQ
SHUPDQHQWPDJQHWRIWKHURWRUDQGWKH+76&LVODUJH6RWKHSLQQLQJIRUFHLVVPDOO5HSXOVLYHIRUFHEHFRPHVHDV\WR
DIIHFWSLQQLQJIRUFH7KHUHIRUHOHYLWDWLRQIRUFHEHFRPHVODUJHE\DGGLQJUHSXOVLYHIRUFHWRSLQQLQJIRUFH/HYLWDWLRQ
IRUFHRIWKLVK\EULGV\VWHPLVLPSURYHG


)LJ/RDGZHLJKWFKDUDFWHULVWLFQRQK\EULGV\VWHP)LJ/RDGZHLJKWFKDUDFWHULVWLFK\EULGV\VWHP
4. Conclusion 
7KH +76&SHUPDQHQW PDJQHW K\EULG PDJQHWLF EHDULQJ LV VWXGLHG 7KH VWUXFWXUH RI WKH QHZ K\EULG V\VWHP LV
FRQVLGHUHG7KUHHGLPHQVLRQDOQXPHULFDODQDO\VLVRIWKHV\VWHPKDVEHHQXQGHUWDNHQ7KHLQIOXHQFHRIWKHUHSXOVLYH
IRUFHRIWKHSHUPDQHQWPDJQHWRQWKHOHYLWDWLRQIRUFHLVVKRZQ 7KHOHYLWDWLRQIRUFHRIWKHSUHYLRXVK\EULGV\VWHPLV
QRWPXFKLPSURYHGFRPSDUHGZLWKWKHQRQK\EULGRQH7KHOHYLWDWLRQIRUFHRIWKHQHZVWUXFWXUHVKRZVLPSURYHPHQW
RIWKHOHYLWDWLRQIRUFH7KHRSWLPDOJDSDQGVWUXFWXUHRIWKHK\EULGV\VWHPLVFDOFXODWHGIRUWKHIXUWKHUUHVHDUFK
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